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LONG-TERM  GOALS 

The  long-tenn  goal  of  the  project  is  to  develop  an  advanced,  integrated  system  of  oceanographic, 
meteorological,  and  vessel  surveillance  sensors  and  littoral  ocean  forecasting  models  to  allow  for  the 
real-time  assessment  of  ocean,  weather,  environmental,  and  vessel  traffic  conditions  throughout  the 
New  York  Harbor  region,  and  the  forecast  of  conditions  in  the  near  and  long-term  and  under  specific 
threat  scenarios.  In  the  long-term,  the  observation  and  modeling  systems  will  be  linked  in  a  unique 
fashion,  whereby  the  model  forecast  system  will  be  enhanced  by  data  assimilation,  and  the  observing 
system  will  be  enhanced  by  model-directed  observations  and  model-assisted  data  interpolation. 

OBJECTIVES 

During  the  year  under  report,  the  objective  was  to  enhance  and  expand  an  existing  observing  and 
forecasting  system  of  New  York  Harbor  that  is  used  to  support  both  safe  navigation  and  port  security. 
The  system  is  structured  to  enable  real-time  and  ongoing  changes  to  the  sampling  scheme  of  the 
observation  system,  based  on  model  forecasts  and/or  user  intervention.  Primary  objectives  of  the  past 
year’s  effort  included  the  installation  of  an  HF  RADAR  system  to  provide  synoptic  measurements  of 
surface  currents  in  the  Lower  Harbor,  improved  wireless  data  transmission,  installation  of  a  CTD 
sensor  on  a  Harbor  vessel,  and  the  development  of  sophisticated  model-assisted  data  interpolation  and 
graphics. 

APPROACH 

The  observing  system  development  is  being  coordinated  by  M.  Bruno.  This  effort  includes  the 
development  and  deployment  of  ocean  and  weather  sensors,  including  land-based  salinity,  temperature, 
turbidity,  water  level,  current,  and  weather  monitoring  sensors  at  shoreline  locations  throughout  the 
Harbor;  buoy-based  salinity  and  temperature  sensors;  an  HF  RADAR  system  in  the  Lower  Harbor;  and 
several  vessel-based  salinity  and  temperature  sensors.  The  HF  RADAR  system  is  a  joint  effort  with  a 
separately-funded  group  at  the  Rutgers  University  Institute  for  Marine  and  Coastal  Sciences. 

The  model  forecast  system  is  being  coordinated  by  A.  Blumberg.  This  effort  includes  the  development 
of  a  very  high-resolution,  3-D  model  of  the  entire  Hudson-Raritan  Estuary  and  Long  Island  Sound, 
linked  at  the  ocean  boundary  to  a  model  of  the  New  York  Bight.  The  model  is  centered  on  the  use  of  a 
high  resolution  application  of  the  Princeton  Ocean  Model  (Blumberg  and  Mellor,  1987).  Water 
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surface  elevation  and  three-dimensional  fields  of  currents,  temperature,  salinity,  and  water  turbulence 
are  calculated  in  response  to  meteorological  conditions,  freshwater  inflows,  tides,  temperature  and 
salinity  at  the  open  boundaries. 

Both  the  observations  and  the  model  forecasts  are  distributed  in  near  real-time  to  the  public  via  the 
Stevens  web  site,  using  user-friendly  graphical  interfaces,  at  http://onr.dl.stevens-tech.edu/webnyhos3/. 

WORK  COMPLETED 

The  work  completed  includes: 

Observing  System 

Real-time  oceanographic  and  weather  information  within  the  Estuary  is  obtained  using  various  sensors 
placed  at  strategic  locations;  see  Figure  1  for  station  locations.  The  sensor  design  and  network 
configuration  were  patterned  after  an  existing  Stevens  system  on  the  New  Jersey  coast  (Bruno,  et.  al. 
2001).  The  network  sensors,  all  of  which  provide  their  data  in  real-time,  include: 

•  7  shore-based  salinity,  temperature,  turbidity,  and  water  level  sensors 

•  2  moored  platforms  containing  salinity,  temperature,  turbidity,  and  pressure  sensors 

•  2  Acoustic  Doppler  Current  Profilers  (ADCPs) 

•  Vessel-based  conductivity  and  temperature  sensors 

•  6  weather  stations  providing  continuous  observations  of  local  meteorological  conditions 

•  A  CODAR  (HF  RADAR)  system  located  on  the  southeast  shore  of  Staten  Island  (see  Figure  1) 
that  provides  the  coverage  necessary  to  enable  surface  current  and  wave  measurements  across 
much  of  the  lower  Harbor. 

Newly  expanded  wireless  data  transmission  capabilities  have  significantly  improved  data  transmission 
rates  and  reliability.  Issues  such  as  wireless  security  and  integrity  have  been  addressed.  Discussions 
with  data  users,  including  US  Coast  Guard  Sector  New  York  and  the  marine  transportation  industry, 
have  led  to  improved  web  site  data  delivery,  including  new  graphics  that  employ  the  model  nowcasts 
to  create  color-coded  maps  of  ocean  properties  from  the  discrete  sensor  data  (see  Bruno  and  Blumberg, 
2004). 

Prediction  System 

The  prediction  system  is  fully  operational,  and  provides  72  hour  simulations  -  24  hours  in  the  past  (the 
hindcast  mode)  and  48  hours  into  the  future  (the  forecast  mode).  The  nowcast  is  obtained  at  the 
conclusion  of  the  hindcast  part  of  the  cycle  and  a  file  is  written  out  which  forms  the  basis  for  the  next 
cycle.  The  forecast  simulations  are  performed  using  forecasted  forcing  functions  except  for  the  river 
flows,  which  are  based  on  daily  persistence.  The  modeling  system  saves  the  proper  hydrodynamic 
information  for  a  restart.  A  smooth  and  seamless  execution  occurs  to  start  the  next  cycle,  which  is 
scheduled  to  start  24  hours  later.  Three-dimensional  fields  of  salinity,  temperature,  and  currents  and 
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two  dimensional  fields  of  water  level,  significant  wave  height,  period  and  direction  are  archived  every 
30  minutes. 

RESULTS 

The  integration  of  the  observing  system  and  the  modeling  system  has  significantly  improved  the 
performance  of  both.  The  forecast  estimate  of  present  conditions  is  improved  by  using  the 
observations,  which  are  continually  available  in  real-time  throughout  the  forecast  period.  The 
observation  system  employs  the  model  to  facilitate  the  creation  of  color-coded  data  “maps”  for  each 
measured  parameter.  Every  30  minutes  a  map  of  “Present  Conditions”  is  prepared  by  assimilating  all 
of  the  available  data  for  that  30  minute  period  with  the  appropriate  forecast.  An  objective  optimal 
interpolation  technique  is  used  to  create  the  assimilated  distribution.  In  addition  to  being  posted  to  the 
Internet,  these  distributions  are  saved  for  use  with  the  next  cycle  of  the  prediction  system.  Figure  2 
illustrates  “Present  Conditions”  of  surface  salinity  in  the  NY/NJ  Estuary  for  23  August,  2005,  12: 1 1 
EDT.  The  website  delivers  the  present  and  forecast  conditions,  at 
http://om.dl.stevens-tech.edu/webnyhos3/ . 

Preliminary  field  validation  experiments  have  been  conducted  to  assess  the  skill  of  the  HF  RADAR 
system  in  providing  high-resolution  measurements  of  the  surface  currents  in  the  Lower  Harbor.  Of 
particular  interest  is  the  connection  of  the  Estuary  to  the  Atlantic  Ocean  via  the  Sandy  Hook  - 
Rockaway  Transect.  Figure  3  illustrates  the  results  of  the  preliminary  assessment  of  signal  strength 
from  the  Stevens-Rutgers  CODAR  array.  Figure  4  illustrates  the  August,  2005  surface  currents  in  the 
main  navigation  channel  (Ambrose  Channel)  entering  New  York  Harbor.  This  channel  is  the  primary 
hydrodynamic  connection  between  the  Estuary  and  the  Atlantic  Ocean.  Work  is  continuing  on 
comparing  the  CODAR  measurements  with  ship-board  current  observations.  A  new  vessel-based  CTD 
sensor  was  put  into  operation,  using  the  sightseeing  sailing  vessel  Pioneer,  which  is  based  at  the  South 
Street  Seaport  Museum  on  the  East  River  in  Lower  Manhattan.  The  vessel  is  presently  transmitting 
(via  cellular  wireless)  real-time  measurements  of  near-surface  (1  meter)  salinity,  temperature,  and 
dissolved  oxygen.  Figure  5  is  an  illustration  of  the  GPS-generated  ship  track  of  the  Pioneer  during  a 
recent  time  period,  August  19  to  August  22,  2005.  Note  the  significant  spatial  coverage  of  the  Harbor 
region  in  the  vicinity  of  the  Battery  -  the  location  of  the  confluence  of  the  Hudson  and  East  Rivers  and 
therefore  an  area  of  dynamic  significance.  Figure  6  illustrates  the  real-time  measurements  of  near¬ 
surface  temperature  along  the  route  as  the  Pioneer  was  underway  on  August  24,  2005. 

In  order  to  firmly  establish  the  credibility  and  robustness  of  the  modeling  system,  the  assessment  of 
model  skill  must  be  an  ongoing  task.  As  the  forecasts  proceed,  comparisons  between  model  results  and 
observations  are  being  made.  Figure  7  illustrates  a  time  history  over  45  days  of  water  level, 
temperature  and  salinity  in  the  Hudson  River  at  Castle  Point,  NJ. 

IMPACT/APPLICATIONS 

The  work  presented  here  provides  a  major  step  forward  to  the  operational  (two-way)  coupling  of  real¬ 
time  ocean  and  weather  observation  systems  with  a  modeling  system.  The  coupled  system  has  also 
served  as  a  valuable  vehicle  to  enable  the  development  of  reliable,  operational  fixed  and  vessel-based 
observation  systems.  NYHOPS  provides  a  wealth  of  real-time  data  and  accurate  forecasts  in  the  waters 
of  New  York  and  New  Jersey.  This  information  is  now  available  to  serve  the  maritime  user  community 
in  the  same  way  that  weather  forecasting  has  served  the  on-land  population.  All  of  the  data  is  available 
over  the  Internet  24  hours  a  day  by  means  of  weather  forecast-like  maps  that  can  be  used  effectively  by 
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Harbor  pilots,  sailors,  power  boaters,  swimmers,  and  fishermen  as  well  as  port  security  officials  and 
emergency  management  personnel. 

The  observational  network  and  modeling  system  are  parts  of  the  integrated,  sustained  ocean  observing 
system  envisioned  by  the  National  Oceanographic  Partnership  Program  (NOPP),  under  the 
OCEAN.US  office,  and  the  Integrated  Ocean  Observing  System  (IOOS).  The  Pi’s  have  been  active 
participants  in  the  leadership  of  the  Mid-Atlantic  Coastal  Ocean  Observing  Regional  Association 
(MACOORA),  now  designated  as  a  formal  Regional  Association  under  the  IOOS  program. 

RELATED  PROJECTS 
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Figure  1.  Location  of  sensors  in  the  NYHOPS  sensor  network.  Several  of  these 
sensors  are  owned  and  maintained  by  NOAA/NOS,  Rutgers  University  and  The 
River  Project.  Supplementing  this  network  are  observations  made  by  several  vessels 
which  travel  throughout  these  waters  on  a  routine  basis. 
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Figure  2.  The  surface  salinity  in  the  NY/NJ Estuary  subdomain  on  23  August, 
2005, 12:11  EDT.  The  spatial  distribution  is  created  using  real-time  data  from  the 
sensor  network,  the  forecasted  field  that  is  available  every  30  minutes,  and  an 
objective  interpolation  technique.  The  dots  represent  the  locations  of  the  sensors. 
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Figure  3.  Plot  of  signal  strength  from  the  3-COD AR 
Stevens-Rutgers  array,  averaged  over  31  days. 
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Figure  4.  Time  series  of  the  along-channel  (east-west)  surface  current  velocity  at 
the  Sandy  Hook  -  Rockaway  Transect  during  the  month  of  August,  2005.  Positive 
velocities  are  directed  into  the  Harbor  (west).  The  velocities  are  representative  of 
the  surface  current  in  the  Ambrose  navigation  channel. 
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Track  of  Pioneer  from  2005-08-19  00:00  to  2005-08-22  00:00  (ET) 


40.72 


40.71 


40.7 


40.69 


40.68 


40.67 


40.66 


40.65 
•74.09  -74.08 


•74.07  -74.06  -74.05  -74.04  -74.03  -74.02  -74.01  -74  -73.99 


Figure  5:  Track  of  the  instrumented  vessel,  the  sailing  ship  Pioneer, 
during  the  period  August  19  to  August  22,  2005. 
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Surface  water  temperature  (F)  from  2005-08-24  00:00  to  2005-08-24  14:24  (ET) 
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Figure  6.  Real-time  measurements  of  near-surface  temperature  along  the 
route  of  the  instrumented  vessel  Pioneer  on  August  24,  2005. 
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Figure  7.  This  NYHOPS  web  site  graphic  provides  a  time  history  over  45  days  of  water 
level,  temperature  and  salinity  in  the  Hudson  River  at  Castle  Point,  NJ  one  of  15  stations 

available  to  the  user. 
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